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@ In-line fabrication of composite sheet material. 

A system for fabricating a sheet of composite 
material comprises means (26) for fomning an 
uncured sheet of material (17) comprising a 
lower support film layer (16), an uncured com- 
posite material layer (18) and an upper film layer 
(20), means (12) for partially curing sakJ un- 
cured composite material layer to fonn a par- 
tially cured composite material layer, means 
/(34) for conducting In-line fabrication on the 
partially cured material to produce a nrKxiified 
partially cured composite material layer (36) 
and means (14) for further curing said partially 
cured composite layer to fomi a sheet of com- 
posite material (46). In-line fabrication can in- 
clude the addition of an auxiliary or backing 
layer (38). Additional in-line fabrication proced- 
ures involve the addition of a supplemental 
layer of uncured material or the addition of 
particulate matter which may be impregnated 
into the partially cured composite material 
sheeting. 



in 



0. 

UJ 




, /, JWlfi- ■'S- rue Saint-Dpnb. 75001 PARIS 

3/10/05, EAST version: 2.0.1.4 



1 



EP0496 545 A2 



2 



BACKGROUND OF THE INVENTION 

1. Field of the Invention : 

The t)res,entJnyention,rete 5 
ctems .andjnetft ipjd,s^^ ^ manufact uring relatively wide 
♦sheetSr Of-continuous ^xo^ 
ticulariy, the present invention relates to an improved 
system and method wherein variou s indine.fabric ation> 
procedures_are_caiTied_out^durin g^the^^^ io 
process. 



2. Description of Related Art 

Large sheets of composite material are used for is 
a wide variety of purposes. These sheets of compo- 
site material are typically made from resin impreg- 
nated fibers, such as fiberglass. The sheets are 
available as flat panels or contoured panels which are 
typically used in constructing patio covers, carports, 20 
storage sheds, fences, awnings, dividers and 
screens, home and industrial greenhouses, wall and 
truck liners, cabanas, sunrooms. garage doors, and a 
variety of other applications. Flat and corrugated 
panels are also widely used as siding for recreational 25 
vehicles and vans. 

Composite material panels or sheets are typically 
manufactured as relatively,wide^contiouousjsljeAt!^ 
\^hich<are cutJnto-thedesired sizepanelsTa^ 
cation and curing. An exemplary process for such 30 
manufacture is described in United States Patent No. 
3,077,000 which was issued on February 12, 1963. 
The basic prpcess.disclosed in this patent and utiM^ed 
iij^the"itiamrfactL^^^ 

invplyes:fomiir^^^ 35 
terial-which is supported^ 

A top cr upper ^ layer is added to fonm an uncured 
sheet of material having the uncured composite ma- 
terial layer sandwiched between the lower support 
film and upper film. Curing-ofthe composite materiaU 40 
is:accomplrshed:byitrarLspprting:thecontinuo^ 
ofirnateriahthrough-arseriesrofrcuring-ovensirThe 
sheet exits the curing ovens as a completely cured 
composite panel. At:thattimerithez!swgg;Si^^ 
ijpper film layers are removed; The composite shee> 4S 
jng is then cu tjjf^therw 
panejhsizes. 

AlthgugMhe^fibergtass 
terial panels have a wide variety of present uses, it 
would be desirable to Increase the possible uses for so 
these panels by adding additional design and struc- 
tural features to the panels during the fabrication pro- 
cess. Foj^;gmplej^^ 

^dditlonal.layerstoprovide additional propeHiessu^^ 
asiincreased strength, rests ss 
taln.alterations in^pane[^appeara^ 
desifabie^to^add suri^ace treatments to the pa^ 
ing^Si^tionr.such-as-incprpora^^ 



^ats.or.pajlticulate.coatings^^Fi^^ be desi- 

rable t^imr^rijgfnait^lpartia cured paneli^ith^vaFi^s3 
^ller nriaterials to alter panel properties, j — 

In order to provide the above-described features, 
there is a present need to provide a fabrication system 
and method which includes the capability of conduct- 
ing in-line fabrication of the composite material sheet- 
ing. 

SUMMARY OF THE INVENTION 

Ityiccfirdan cgpiyith J^^^ invention, it was 

dis coveredlhiCttie-c" 

^te naLsheetingmaybeinte nrupted during the^p^ 

tion process in order to condljcTiivlinefabncatidhTM 

approxjiTjateJy-the m^^ ^^ 

wasZdiscoveredlthat;^the upper film layer-can^ 
reffibWdZfrorfuth'^^^ 

'SiterjTtateri The underlying 

pargajll)^cured la yer is in a tacl^ 

co^Woni-flilsIa"^^^^ 

fabrication operations including the applicatlori^of 
vari.ous„baci^ing,^support,-or„protectiveJayers,Jhe^ 
appnciatlSH^ola'daitional^l^ooa 
gnd-theappHcation.otpa iticulate fillers^hichma ^ 
cimpregnated-intohjh^partial^^^ 
tej^Jayer. 

The system for fabricating sheets of composite 
material in accordance with the present Invention 
includes apparatus for forming an uncured sheet of 
material which includes a lower support film layer, an 
uncured composite nr\aterial layer and an upper film 
layer. The uncured sheet of material is transported 

thejjnojredj^ 

*~cured~composite"material layer. As a feature of the 
present invention, in-line fabrication of the partially 
cured composite material layer is conducted as the 
sheet continually leaves the first set of curing ovens. 
The in-line fabrication step produces a modified par- 
tially cured composite material layer. Thls^ odifled^ 
la^MsfiHthere^ 
setpf curing pyens to fqi]mttie final s 
mateiiaLfromr.whichitheiupper-and/or-lower-^^ 
fitms:ar8:removed.~3 

As a feature of the present invention, the in-line 
fabricitiqri^te^ 

fifom-the pariHaliy cured oornposlte hiatisrial layer arid 
applying^an auxiliary layer to fte pailia 
Positejnateri^ of the upper film layer, 

^siwvered thatffiepaftiailTcu red composite mat^ 
remajn^^ 

may be bondeddirBCtly tathe partially cure^ 
As another feature of the present Invention, the In-line 
fabricatbn involves removing the upper film layer 
firom the partially cured composite material and then 
applying a layjBC^f-^na^^ The 
uncured resin materiarcah be in lorrn UHU gel coat 
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DETAILED DESCRIPTION OF THE INVENTION 

A first preferred exemplary system In accordance 
with the present invention Is shown generally at 10 In 
FIG. 1. The fabrication system 10 Includes a first 



10 



15 



or other coating or curable layer, The upper film layer 
is then reapplied and the resulting modified partially 
cured composite material is cured to completion, 
i ^ add i tioj^^ 

in accordance with the present Invention involv^ 
rembvingihl^up 
mSwrK)!me^heetmq7^^^ 
^natedinto.the.parhally^iajredpatenal^^^f^ 
l^^^^^^^?mhe second set of curing ovens. 

of^pSrtteu^rfillejps^a^^^ 
m§nti!to!tt^^rtiall^'6&F@B^^ 

The above-described and many other features 
and attendant advantages of the present Invention will 
become better understood by reference to the follow- 
ing detailed description when taken in conjunction 
with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 

FIG. 1 1s a partially schematic elevational view of 
a first prefen-ed exemplary embodiment of a compo- 
site material sheeting fabrication system in accord- 
ance with the present Invention. 

FIG. 2 is a partial sectional view of the sheeting 25 
material taken in the 2-2 plane of FIG. 1 showing the 
material during Initial curing. 

FIG. 3 is a partial sectbnal view of the sheeting 
taken in the 3-3 plane of FIG. 1 showing the sheeting 
during the in-line fabrication process. 30 

FIG. 4 is a partial sectional view of the final com- 
posite material sheeting taken in the 4-4 plane of FIG. 
1. 

FIG. 5 Is a partially schematic elevational view of 
a second preferred exemplary embodiment of a com- 35 
poslte material sheeting fabrication system in accord- 
ance with the present Invention. 

FIG. 6 Is a partial sectional view of the sheeting 
of FIG. 5 taken in the 6-6 plane showing the final 
sheeting as it exits the fabricatton system. 40 

FIG. 7 Is a partially schematic elevational view of 
a third preferred exemplary embodiment of a fabri- 
cation system in accordance with the present inven- 
tion. 

FIG. 8 Is a partial sectional view of the composite 45 
material sheeting of FIG. 7 taken in the 8-8 plane 
showing the sheeting during the in-line fabrication 
process. 

FIG. 9 is a partial sectional view of the sheeting 
of FIG. 7 taken in the 9-9 plane showing the final com- so 
posite material sheeting as It exits the fabrication sys- 
tem. 



group of curing ovens 12 and a second group of curing 
ovens 14. The curing ovens 12 and 14 are conven- 
tional curing ovens which comprise various sections 
having gradually elevated temperatures. The various 
temperatures within curing ovens H^^SJ^^^Jgigir-a 
tained at levels required for curing of the particular^ 



fe||n£^^^||i^^sed^^ 
the~inventibn will Involve a process for fabricating 
composite materials utilizing polyester resin. It will be 
understood by those skilled in the art that the system 
may also be used in the curing and fabrication of com- 
posite materials based on other resins. The same is 
true for the various types of fiber materials used In the 
composite materials. The presentdetailed description 
will be limited to a system wherein chopped glass fib- 
ers are used in combination with the polyester resin 
to fonn fiberglass panels. Other filaments or fibers, 
such as graphite, boron or ceramic fibers may also be 
used. 

The initial fomnation of the uncured sheet of ma- 
terial Is shown at the left-hand portion of FIG. 1. The 
uncured sheet of material 1 7 includes a lower support 
film layer 1 6, uncured composite material layer 1 8 and 
an upper film layer 20. The lower film layer 16 and 
upperfilm layer 20 are continually unwound from reels 
22 and 24 respectively. tHiggpgl^ ^Bfrpsi n is a^ 
qnto lower support film layer 16 from resin reservohro 
^6.Xhopped.glassJibers-are placed 
tsuppoTt^ 

choppgd^lass^fibers^a 

filmlaye M6^sa prerfort^^^ 

woven fiber matting may aiso^beljsed if clesireds 

The uncured.sheet of material enters the first setn 
of curing ovens moving in the direction sh own-b y-; 
anrow'"30.-For fiberglass 'sheetingTth^^ 
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^vens-12 will have gradually increasing t emperatu res^ 
fixmrapproximately^^ 

of the first curihg^^^ the rate at which 

the uncured sheet of material 17 travels through the 
ovens 12 will be varied depending upon a number of 
parameters. For example, thicker layers of resin may 
generate more heat during the curing process due to 
the inherent exothermic nature of the curing process. 
As a result, thicker uncured sheets of material 1 7 may 
be moved at a different rate through the curing ovens 
12 than thinner pieces of material having a much 
lower exothenn. 

The curing time and temperature within the qjring 
ovens'42iiust be regulated so that the^w 

» terial layer leaving ovens 12 is only partially cured. 

Qp^rtiaTcurinfm 

Is still in a semi-solid stage. The upper limit of tenrv- 
perature In curing ovens 12 to insure that the compo- 
site material layer is only partially cured Is around 
215''F for sheeting material which Is on the order of 
from 1/8 to 1/4 inch thick. 

The location in the system where in-line febrl- 
cation takes place is the mid-point between the two 
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ovens 12 and 14 which Is shown in FIG. 1 generally 
at 32. ^s^part-of-the_iri-|lne-fabricatlon-process,-the-j 
upper filrfrliyer 20 I Cre^TOved and rolled onto takifeup::? 
reel,34rAs shown ihFIG7-3, re 
layer 20 leaves an uncovered partially cured compo- 
site material layer 36 which is still supported by the 
lower support film layer 16. The partially cured com- 
posite material layer 36 must not only be tacky as dis- 
cussed above, but must also be sufficiently cured so 
that the upper film layer 20 can be removed without 
adversely affecting the partially cured composite ma- 
terial layer 36. This condition can be easily 
established by setting up the temperature gradient in 
the curing oven 12 as discussed above and by varying 
the curing time to achieve the desired combination of 
resin tackiness and upper film layer removal. For 
fiberglass systems, it is preferred that the temperature 
of the sheeting at the mid point 32 is between about 
215°Fand240°F. 

AfterUte^upper-filmJayer.20.has.be.en^emo^^ 
a;^^^^^^11^85§i^!3B?^^^ 
tially curedlcomposfte m¥teirial layer 36^Th"e^back!rTg 
layer 38 is housed on reel 40 with roller 42 being pro- 
vided to press the backing layer 38 into contact with 
the partially cured composite material layer 36. The 
backing layer 38 can be composed of a variety of dif- 
ferent materials Intended to add different character- 
istics to the sheeting materia. For example, the 
backing or auxiliary layer 38 can be a fibrous material 
designed to provide additional support. The auxiliary 
material 38 can also be a layer such as mylar or other 
light reflective material. Other suitable auxiliary or 
backing layers 38 include non-woven or woven veils 
and fabrics. 

After application of the backing layer 38, the mod- 
ified partially cured composite material layer 41 is 
then passed through the second curing ovens 14 for 
final curing. For fiberglass sheeting, the temperatures 
in the second curing ovens 14 should gradually rise 
firom about 240*>F to about 300''F. Again, the actual 
temperatures within the ovens 14 and the curing time 
will vary depending upon the thickness of the resin 
layer and other factors. The particular temperatures 
and curing times are selected to provide complete cur- 
ing of the polyester resin. The lower support film layer 
16 is removed from the completely cured sheet of 
composite material and taken up by reel 44. The 
resulting sheet of composite material 45 as shown in 
FIG. 4 includes a completely cured composite ma- 
terial layer 46 on which is securely bonded an 
auxiliary or backing layer 48. 

fA-se oond-prefeiTed-exemplaryrembodiment-Of^a 
system, in accordance witti the present inventidrfJIS^^^ 
shown~g'eherally at 50 in FIG. 5. The system 50 
includes the same means for fonning an uncured 
sheet of material as described in the system of FIG. 
1. The second system 50 also includes first and sec- 
ond curing ovens 52 and 54 respectively. The system 
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50 is operated under the same basic curing temperat- 
ures and times as the first exemplary system. The 
principle difference between tiie first exemplary sys- 
tem 10 and the second exemplary system 50 is the 
particular in-line fabrication process which is carried 
out at the system mid-point 56. 

tThe Jndine fabrication in th e second preferred 
exempIaiV'^sJI^^ 
^jjpperjimja 
IlniSriiiMaye^ 
^he partiaNj^ci^^ 

ClpweEsupport film layer 62; A layeT^f "uncur^^ma^ 
^teriai:64:is appliedtolhe top oM 
posite layer 60rTlie applicator device and reservoir 
IS for the additional uncured material is shown schemati- 
cally at 66. Thejjncurejd;nrtaterjal;^ ^ 
a.variety-of different compounds mduding gel coate; 
paihts,^ahd,othericurable"matBri^^ 
applying the curable layer 64 can be by simple flow 
20 application as shown in FIG. 5 or by spraying or ottier 
suitable means. Theiaddltidnalljncured mate^^^^ 
p64-7Tiayi^nclude::aivarietyrof' a^ 
cabsorbers:or:other additives 0^1^^ 

Due to the various trackin^^S^itid support 
25 rollers required to transport the sheeting material 
through the curing ovens, it is desirable to place 
another upper film layer 68 on top of the uncured ma- 
terial 64. This film layer 68 is unwound from reel 70 
and guided into position by roller or other suitable 
30 apparatus 72. The modified partially cured composite 
material layer 74 is then passed through the second 
set of curing ovens 54 to complete the curing process. 
The upperJilm-68.and.lower_film 62^are removed^ 
t jrom the^completely cured sheeting 71 as it exits tlfip 
35 Cicirrihgd6verfsT54^^ 

taken up by take-up reels 76 and 78 respectively. The 
completely cured sheeting 71 exits the system as a 
lamination including a cured supplemental layer 64 
bonded to an integral witti the underiying cured com- 
40 poslte material layer 60. 
A-^third^ 

a^rdance w[th the present inventiorvis show 
eiiliy at 80 in FIG. 7. This system is basically the 
same as the two previously described systems except . 
45 for the use of a different in-line fabrication process. 
The system also Includes a first set of curing ovens 
82, second curing ovens 84 and a mid-point 86. |he-^ 
upper^fi|m layer 88:i8^^^ 
compositejnateffial layer.^^^ 
50 a1ayerofparticutaterhaterial92.Thepj^^^ 
^92Js3pp!led byicsuitable devic^^^ 
[caHy^at 94lkTh6:particula^^ 
^ ^-surfac e-coating-or it may-be i mpreg nated i rito-^^ 
p artiall Tcured composite material layer by roller 96. 
irhe- ^jfei |^pte^ 
kno wllfiiifiri^ttsUr^ ^ 

junctk)n-witti-composite:naaterials2j F^^ 
tides such as silica£:feldspar, glass-bubbles, etc.,may 
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be used. 

After application of the particulate material layer 
92, an upper film layer 98 is then applied to the top of 
the modified partially cured composite material 93. 
The partially cured modified sheeting is then passed s 
through ovens 84 for complete curing. As the sheeting 
exits curing ovens 84, the lower support film layer 1 00 
and upper film layer 98 are removed and wound on 
uptake reels 102 and 104 respectively. The sheeting 
which exits the curing ovens Is a completely cured io 
panel 106 which includes the particulate matter 92 
impregnated therein (see Fig. 9). 

Having thus described exemplary embodiments 
of the present invention, it shoul d-be noted by^those — m 
skijied in the art.that the_within_disclosures are exenrv is 
plary^only and thafvarious other altemativesradap^ — ^ 
tations and modifications may be made within the 
scope of the present lnvention.^Thu s,-by~way ~j| 
example.and notof limitetion; if dMired m 

\jn^in'Cf^btication-proceS^ 20 

giyen-systeiju-For^^e)^^ 
^jrnay^be fabricatedwh^ 

includes boKheZ^lditl^Io^ 

^hicfi^islherTimpregnatedwith-asuiteble resin". 

Accordingly, the present invention is not limited to 25 

the specific embodiments as Illustrated herein, but is 

only limited by the following claims. 



Claims 30 

1. A system forfebricating a sheet of composite ma- 
terial comprising: 

means forfonming an uncured sheet of ma- 
terial comprising a lower support film layer, an 35 
uncured composite material layer and an upper 
film layer; 

means for partially curing said uncured 
composite nriaterial layer to form a partially cured 
composite material layer; 40 

means for conducting in-line fabrication of 
said partially cured composite material layer to 
produce a modified partially cured composite ma- 
terial layer; and 

means for further curing of sakJ modified 45 
partially cured composite material layer to fonri a 
sheet of composite material. 

2. A system for fabricating a sheet of composite ma- 
terial according to claim 1 wherein said means for 50 
conducting in-line fabrication comprises: 

means for removing saM upper film layer 
from said partially cured composite material 
layer; and 

means for applying an auxiliary layer to 55 
said partially cured composite material In place of 
said upper film layer to fonm said modified par- 
tially cured composite material layer. 



3. A system for fabricating a sheet of composite ma- 
terial according to daim 1 wherein said means for 
conducting in-line fabrication comprises: 

means for removing said upper film layer 
from said partially cured composite material 
layen 

means for applying a layer of uncured ma- 
terial to said partially cured composite material 
layer to produce said modified partially cured 
composite nnaterial layer; and 

means for applying an upper film layer on 
top of said layer of uncured material. 

4. A system for fabricating a sheet of composite ma- 
terial according to daim 1 wherein said means for 
conducting In-line fabrication comprises: 

means for removing said upper film layer 
from said partially cured composite material 
layer, 

means for impregnating said partially 
cured composite material with particulate ma- 
terial to produce said modified partially cured 
composite material layer, and 

means for applying an upper film layer on 
top of said impregnated particulate material. 

5. A system for fabricating a sheet of composite ma- 
terial according to daim 1 which further indudes 
means for removing said lower support film layer 
or said upper film layer after said modified par- 
tially cured composite material layer is completely 
cured. 

6. A system for fabricating a sheet of composite ma- 
terial according to claim 2 which further indudes 
means for removing said lower support film layer 
after said modified partially cured composite ma- 
terial layer Is completely cured. 

7. A system for fabricating a sheet of composite ma- 
terial according to daim 3 which further indudes 
means for removing said lower support film layer 
and said upper film layer after said modified par- 
tially cured composite material layer is completely 
cured. 

8. A system for fabricating a sheet of composite ma- 
terial according to daim 4 which further indudes 
means for removing said lower support film layer 
and said upper film layer after said modified par- 
tially cured composite material layer Is completely 
cured. 

9. A system for fabricating a sheet of composite ma- 
terial according to daim 1 wherein said means for 
forming an uncured sheet of material indudes: 

means for applying catalyzed resin onto 
the top of said lower support film to form a layer 
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of resin; and 

means for forming a mat of chopped fibers 
in said layer of resin to form said uncured compo- 
site material layer. 

10. A system for fabricating a sheet of composite ma- 
terial according to claim 9 wherein said means for 
applying catalyzed resin onto said lower support 
film includes a reservoir of polyester resin in 
which said resin is stored prior to application onto 
said lower support film. 

11. A method for fabricating a sheet of composite ma- 
terial comprising the steps of: 

forming an uncured sheet of material com- 
prising a lower support film layer, an uncured 
composite material layer and an upper film layer, 

partially curing said uncured composite 
material layer to form a partially cured composite 
material layer; 

conducting in-line fabrication of said par- 
tially cured composite material layer to produce a 
modified partially cured composite material layer, 
and 

curing said modified partially cured com- 
posite material layer to fomn a sheet of composite 
material. 



16. A method for fabricating a sheet of composite ma- 
terial according to claim 11 wherein said step of 
conducting in-line fabrication comprises: 

removing the upper film layer from the par- 
5 tially cured composite material layen 

impregnating said partially cured compo- 
site material with particulate material to produce 
said modified partially cured composite material 
layer; and 

10 applying an upper film layer on top of said 

impregnated particulate material. 

17. A method according to claim 11 wherein said 

uncured composite material layer comprises 
15 catalyzed polyester resin and chopped glass fit>- 
ers. 

1 8. A method according to daim 1 7 wherein said step 
of conducting in-line fabrication is conducted 

20 when said partially cured composite material 
layer is at a temperature of between about 21 S'T 
and 240*'F. 



25 



1 2. A method for fabricating a sheet of composite ma- 
terial according to claim 1 1 wherein said step of 30 
conducting in-line fabrication comprises: 

removing the upper film layer from the par- 
tially cured composite material layer; and 

applying an auxiliary layer to said partially 
cured composite material in place of said upper 35 
film layer to form said modified partially cured 
composite material layer. 

1 3. A method for fabricating a sheet of composite ma- 
terial according to claim 12 wherein said auxiliary 40 
layer Is a support layer. 

14. A method forfabricating a sheet of composite ma- 
terial according to daim 1 1 wherein said step of 
conducting in-line fabrication comprises: 4S 

removing the upper film layer from the par- 
tially cured composite material layer; 

applying a layer of uncured material to the 
partially cured composite material layer to pro- 
duce said modified partially cured composite ma- so 
terial layer; and 

applying an upper film layer on top of said 
layer of uncured material. 



15. A method forfabricating a sheet of composite ma- ss 
terial according to daim 14 wherein said uncured 
material is a gel coat 
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